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ABSTRACT.—Habitat fragmentation is a significant threat to biodiversity worldwide. Habitat loss and the

isolation of habitat fragments disrupt biological communities, accelerate the extinction of populations, and

often lead to the alteration of behavioral patterns typical of individuals in large, contiguous natural areas. We

used radio-telemetry to study the space-use behavior of the Coachwhip, a larger-bodied, wide-ranging snake

species threatened by habitat fragmentation, in fragmented and contiguous areas of coastal southern

California. We tracked 24 individuals at three sites over two years. Movement patterns of Coachwhips

changed in habitat fragments. As area available to the snakes was reduced, individuals faced increased

crowding, had smaller home-range sizes, tolerated greater home-range overlap, and showed more

concentrated movement activity and convoluted movement pathways. The behavioral response shown by

Coachwhips suggests, on a regional level, area-effects alone cannot explain observed extinctions on habitat

fragments but, instead, suggests changes in habitat configuration are more likely to explain the decline of

this species. Ultimately, if ‘‘edge-exposure’’ is a common cause of decline, then isolated fragments,

appropriately buffered to reduce emigration and edge effects, may support viable populations of

fragmentation-sensitive species.

Habitat fragmentation occurs when human
land use alters continuous, natural landscapes
leading to a reduction of total area, changes in
patch configuration, and isolation of habitat
remnants. Habitat fragmentation threatens the
viability of populations (Saunders et al., 1991;
Fahrig and Merriam, 1994; Laurance et al., 2002)
and worldwide biodiversity (Wilcox and Mur-
phy, 1985; Wilson, 1992). Early interpretations
of empirical studies indicated habitat loss has a
larger impact on ecological systems than does
habitat configuration (Fahrig, 2003; Turner,
2005). However, because habitat loss and
configuration covary, the regression-based ap-
proaches used in these earlier studies can
produce opposing conclusions (Koper et al.,
2007).

Species–area relationships strongly suggest
that loss of habitat associated with habitat
fragmentation will reduce biodiversity indepen-
dent of the remaining configuration, and studies
support these predictions (Lomolino, 1994;
Rosenzweig, 2004; Yaacobi, 2007). However,
species–area relationships also contain a sliver

of hope where management strategies, such as
conserving habitat diversity across remaining
patches, allowing movement between patches,
improving matrix quality, and reducing edge
effects, may allow a system of fragments to
conserve more species than would be predicted
from the species–area relationship alone (Ro-
senzweig, 1995, 2003). Doing so requires under-
standing why species go extinct in fragments
and developing methods to decrease this
probability.

Larger bodied or wide-ranging species are
often key foci of management and conservation
goals and also tend to have large space use
requirements, making them relatively more
susceptible to declines in fragmented land-
scapes than species using less space. The
Coachwhip, Masticophis flagellum, is a larger-
bodied, wide-ranging snake (Secor and Nagy,
1994; Secor, 1995) that is sensitive to habitat
fragmentation (Mitrovich, 2006). Throughout
California, the Coachwhip has declined from
much of its historic range (Jennings and Hayes,
1994; Case and Fisher, 2001). From 1995 through
2001, a regional (south of Los Angeles, to the
U.S.-Mexico Border) reptile-monitoring project
sampled 61 locations across a gradient of patch
size and isolation (Fisher and Case, 2000; Fisher
et al., 2002). Relative to prefragmentation
surveys in the same area (Klauber, 1931, 1939),
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the Coachwhip has disappeared from approxi-
mately half of the study sites, with isolated
fragments (i.e., fragments less than 2,500 ha in
size and surrounded by urban development)
nine times less likely to maintain populations
than sites in nonisolated habitats (Mitrovich,
2006). Given their occurrence on fragments is
rare, the persistence of Coachwhips on some
isolated fragments in coastal southern Califor-
nia is of interest. These isolated populations
seem to be an example of novel habitat
management of fragmented landscapes allow-
ing an otherwise sensitive species to ‘‘beat the
species–area curve.’’ By describing and com-
paring the space-use behavior of the Coachwhip
in these isolated fragments, as well as, in
nonfragmented habitats of coastal southern
California, we explore the species’ behavioral
response to changes in fragment size. Compar-
isons in behavior allow us to evaluate the role of
habitat loss versus habitat fragmentation in
explaining why wide-ranging species suffer
from a greater extinction risk in fragmented
landscapes. Lessons learned are applicable to
land management strategies aimed at reducing
extinction rates of sensitive species in fragment-
ed systems.

Here, we present analyses of radio-telemetry
data from 24 individuals of the Baja California
Coachwhip, Masticophis flagellum fuliginosus, the
focal taxon for this study. Individuals were
tracked at three sites over two years. We report
results related to common space-use parameters
(sensu Andreassen et al., 1993) including (1)
home-range size; (2) movement patterns within
individual home ranges; and (3) extent of home-
range overlap among individuals.

MATERIALS AND METHODS

Overview and Study Sites.—We studied ani-
mals at three sites in two geographic areas of
coastal southern California. North River and
South River sites were located at the Tijuana
River National Estuarine Research Reserve
(TRNERR) in San Diego County, California
(32u349N, 117u079W, 0–6 m elevation). This
1,024-ha reserve is isolated by ocean, a military
airfield, agriculture, and urban development in
San Diego (United States) and Tijuana (Mexico).
North River and South River sites were located
in upland areas of the estuarine reserve and
were isolated from each other by the mouth of
the Tijuana River (Fig. 1, no snakes were ever
documented crossing the river during seven
years of U.S. Geological Survey [USGS] capture
recapture-sampling [RNF, unpubl. data], or
during radio-tracking). Approximately 50 ha
of suitable upland habitat largely surrounded
by salt marsh occurred at North River and 150

ha at South River. The third site, Rancho Jamul
Ecological Reserve (RJER), was located 28 km
east of TRNERR, in San Diego County, Califor-
nia (32u409N, 116u519W, 187–381 m elevation).
This 1,915-ha reserve was embedded in a larger
contiguous natural landscape of sage scrub and
grassland, riparian scrub, and fallow agricul-
tural fields (Fig. 2), all habitat types suitable for
use by Coachwhips. Coachwhips at this inland
reserve exist with virtually unlimited space at
the local spatial scale.

We sampled 4–22 trap-lines daily during 12
trapping sessions from April to August in 2002
and 2003. A trap-line consisted of a single shade
cloth drift-fence (15 m long, 0.3 m high) with
two shaded, hardware cloth box funnel traps
(20 3 30 3 50 cm) at either end. To compare
prey abundance, and snake communities at the
different sites, all small vertebrates captured at
the trap-lines were identified, recorded, and
released. Trap-lines were haphazardly placed in
the best suitable habitat for Coachwhips. Snakes
were opportunistically added to the study
during the two years; hence, some individuals
have longer periods of tracking than others.

Telemetry.—We used receivers (models TR-4
and TR-5) and directional antennas (model RA-
2AK) from Telonics, Inc., and two types of
temperature-sensitive transmitters from Holohil
Systems Ltd. Smaller snakes received the SB-2T
(5.5 g, 9 3 19 mm), and larger snakes received
the SI-2T (9.2 g, 10 3 33 mm). Following Hardy
and Greene (1999) transmitter mass as a
percentage of animal body mass was kept well
below the maximum recommended 5% (range
5 1.2–3.3%, Mean 6 1 SE 5 2.3 6 0.1%).
Surgical procedures followed the guidelines
described by Reinert and Cundall (1982) and
Hardy and Greene (1999) and had approval by
Animal Use Committee of San Diego State
University (protocol 01-018D).

Field Protocols.—We determined locations of
individuals on average every third day (SE 6
0.2) during the months of greatest activity
(March through December). Whether located
above or below ground, we recorded GPS
coordinates directly above the snake with a
handheld unit (Garmin 12-XL, UTM coordinate
system, ,4.0 m accuracy). When snakes were
located below ground, the location was flagged
and considered as a retreat site. Retreat sites
were typically small mammal burrows.

Statistical Analyses.—We analyzed the move-
ment data for differences in space-use by sex,
size, site, and season. We defined the different
seasons as spring (20 March through 20 June),
summer (21 June through 22 September), and
fall (23 September through 20 December),
ignoring winter (21 December through 19
March) because movement was so rare. We
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combined trap-line capture data across years
and analyzed the data for differences in capture
rates of small mammals, lizards, and snakes
across sites.

We used the Animal Movement extension
(Hooge and Eichenlaub, 1997) in ArcView 3.3 to
estimate home-range size. We calculated home-
range size as 100% minimum convex polygon
(MCP) and fixed 95% kernel home range (KHR).
For KHR calculations, we used least-squares
cross-validation to determine the smoothing

factor (Seaman and Powell, 1996; Blundell et
al., 2001). For the home-range overlap analyses,
we considered the proportion of an individual’s
MCP home range shared by other individuals as
overlap.

We estimated three distinct components of
movement: (1) distance of movements; (2)
frequency of movement; and (3) the fractal
dimension or tortuosity of the movement path
(Dicke and Burrough, 1988). To calculate the
distance of movements, we first measured the

FIG. 1. Configuration of habitat types at the Tijuana River National Estuarine Research Reserve. Points mark
all Coachwhip (MAFL) locations for the North River (N 5 594) and South River (N 5 561) sites. Individual
minimum convex polygon home ranges are shown as overlapping, grey-outlined polygons. No snakes ever
crossed the Tijuana River during the course of the study. Upland areas of the airfield were routinely mowed by
the U.S. Navy to remove vegetative cover for reasons unrelated to snakes or conservation. Removal of vegetation
appears to influence Coachwhip movement. Portions of the South River study area are covered by substantial
sediment and debris flows which also appear to influence Coachwhip movement (hatched polygon reflects area
influenced by debris flows). Upland areas in the reserve consisted largely of sage scrub and grassland, dune
vegetation, and wetland-upland transition zone species, such as California box-thorn (Lycium californicum) and
California salt bush (Atriplex californica).
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mean distance traveled per day to estimate an
overall rate of movement. Distance traveled per
day, recommended by Gregory et al. (1987), was
measured across a sequential pairs of fixes (the
distance traveled between two fixes divided by
the number of days between the two fixes)
producing a distribution of distances (Diffen-
dorfer et al., 2005). Mean distance of movements
(i.e., mean distance traveled per move) was
identical to the mean distance traveled per day,
except movements of zero were excluded.
Because the accuracy of our GPS unit was
,4.0 m, we defined movements as a sequential
pair of fixes resulting in a net displacement of
8 m of more. We estimated the frequency of
movement by calculating the proportion of fixes
resulting in moves for each individual. We used
the program Fractal 4.0 (Nams, 1996) to calcu-
late the fractal dimension of the movement
path. This measurement is a scale-independent
estimate of movement path tortuosity, or

crookedness that varies from one to two (Weins
et al., 1995). A value of one indicates the path is
straight and a maximum value of two indicates
the path is so convoluted as to completely cover
a plane.

To avoid pseudoreplication, we used individ-
uals as replicates in our statistical tests. We tested
for differences in sampling effort by comparing
the duration of tracking (number of days
between the release date and final date moni-
tored) and the number of fixes per individual
between sites using one-way ANOVAs. We
checked for differences in the mean number of
days between successive locations by site using a
one-way ANOVA. We used two-way ANOVAs
to check for differences in body mass and size
between sexes within and across sites. We used a
correlation to test for a relationship between
number of locations and home-range size.

We compared estimates of home-range size,
fractal dimension of the movement path, and

FIG. 2. Configuration of habitat types and Coachwhip (MAFL) locations (points; N 5 324) at the Rancho
Jamul Ecological Reserve (RJER) site. Minimum convex polygon home ranges (solid black-outlined polygons)
show patterns of overlap and differences in home-range size between individuals. Average home-range size at
RJER is 4 and 12 times greater than average home-range sizes at South River and North River, respectively. Sage
scrub and grassland habitats dominated the site. Agricultural fields were fallow and largely dominated by
introduced, annual grasses. Topographical variation (not shown) is much greater at RJER than South River and
North River sites.
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home-range overlap by the main effects of site,
sex, and body size, and site 3 sex, and site 3

body size interactions using GLMs (SYSTAT
11.0, SYSTAT Software, Inc.). Distances moved
were averaged across all individuals (i.e., we
computed a mean for each individual and got 1
df for that individual) and, along with the
frequency of movement, compared across sea-
sons using one-way ANOVAs. We then used
GLMs to check for differences in distances
moved and frequency of movement between
site, sex, and body size, and site 3 sex, and site
3 body size for each season separately.

We combined all the movements of individ-
uals for each site and used Kolmogorov-
Smirnov (K-S test) and Pearson chi-square tests
to check for differences in the distribution of
movement distances between sites. Finally, we
used the Kruskal-Wallis test to check for
differences in lizard and small mammal density,
Coachwhip, and snake capture rates among
sites. Because small mammal, lizard, and snake
species (other than the Coachwhip) were not
marked, and Coachwhip recaptures too few in
number to produce reliable estimates of abun-
dance using recapture data (White et al., 1982),
we realized it would be necessary to use capture
data as our indices of abundance even though
these could be biased by capture probability
(Nichols, 1992). Means are given 6 1 SE.

RESULTS

We obtained movement data from 24 (14 male
and 10 female) Coachwhips. Nine were located
at North River, 9 at South River, and 6 at RJER.
Snout–vent length (SVL) ranged from 0.86–
1.32 m (1.04 6 0.02 m, N 5 24) and body mass
from 180–665 g (373 6 29 g, N 5 24). We found
no difference between sexes within or among
sites in SVL (sex F1,18 5 0.821, P . 0.05; site F2,18

5 0.044, P . 0.05; sex 3 site F2,18 5 0.075, P .

0.05) or mass (sex F1,18 5 1.785, P . 0.05; site F2,18

5 0.235, P . 0.05; sex 3 site F2,18 5 0.060, P .

0.05). We recorded 1,479 total locations of radio-
tagged snakes during the two-year study. Al-
though the number of locations varied among
individuals, seasonal variability in sampling
effort between sites and sexes was minimal
(Table 1). The duration of tracking and number
of fixes per snake did not differ across sites. We
found no correlation between home-range size
and number of fixes. Uneven terrain at RJER and
the propensity of snakes to shift centers of
activity resulted in more days between succes-
sive fixes at RJER than South River and North
River (F2,21 5 8.4, P , 0.005, RJER: 4.2 6 0.3 days,
N 5 6, South River: 2.6 6 0.24 days, N 5 9, North
River: 2.6 6 0.33 days, N 5 9).

Home-Range Size.—The minimum convex
polygon (MCP) and 95% kernel home-range
(KHR) methods produced similar estimates of
home-range size with both estimates varying
similarly among individuals and sites. We
found differences in MCP area across sites,
between snakes of different body sizes, and an
interaction effect of body size and site (site F2,18

5 21.027, P , 0.0001; SVL F1,18 5 21.117, P ,
0.0001; site 3 SVL F2,18 5 17.136, P , 0.0001).
Snakes at RJER maintained home ranges 4 times
greater, on average, than home ranges of snakes
from South River and 12 times greater than
home ranges of snakes from North River (RJER:
136.4 6 36.83 ha, N 5 6, South River: 33.7 6 4.26
ha, N 5 9, North River: 11.18 6 3.05 ha, N 5 9).
In general, home range decreased with increas-
es in body size. For example, at RJER smaller
bodied snakes maintained the largest home
ranges. However, at North River, larger bodied
snakes maintained the largest home ranges
(Fig. 3; RJER r7 5 20.83, P , 0.05; North River
r4 5 0.69, P , 0.05). Collectively, snakes tracked
at RJER occupied a total area of approximately
1,500 ha, an area 10 and 30 times greater in size
than the total area available to South River and
North River individuals, respectively.

Distances Moved.—Frequent short distance
movements with increasingly rarer longer dis-
tance movements resulted in right-skewed
distributions of distances moved per day for
all individuals across all sites (Table 2). The
frequency distributions of distances moved
varied among sites (K-S test: North River vs.
South River, P , 0.0001; North River vs. RJER, P
, 0.05; South River vs. RJER P , 0.05), with a
higher frequency of shorter distance move-
ments (,100 m) distinguishing North River
movements from South River and RJER (Ta-
ble 2; x2

6,934 5 28.3, P , 0.0001).
The average daily movements by individuals

varied widely across seasons (F2,55 5 36.251, P

TABLE 1. Total number of fixes by site, season, and
sex. Total number of radio-tracked Coachwhips
making up the fixes is in the parentheses. For all
sites, fixes were obtained in 2002 and 2003.

Season Sex

Study site

North
River

South
River RJER

Spring Male 46 (4) 75 (4) 51 (3)
Female 24 (2) 68 (3) 67 (3)

Summer Male 235 (6) 178 (4) 61 (3)
Female 135 (3) 132 (4) 94 (3)

Fall Male 94 (6) 71 (4) 12 (3)
Female 50 (3) 24 (2) 31 (3)

Total number
of snakes 9 9 6
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, 0.0001) with peaks in spring, followed by
summer, and lowest values in fall (spring: 136 6
17 m/day, N 5 17, summer: 65 6 4.7 m/day, N
5 23, fall: 20 6 3.2 m/day, N 5 19). Eighty-nine
percent of the farthest 5% of the distances
moved (range: 281–1,004 m/day, 389 6 20 m/
day, N 5 47) occurred in spring. We found
differences in the length of movements in
spring between sexes (sex F1,15 5 5.331, P ,
0.05) with males moving substantially longer
distances than females (Males: 165 6 23 m/day,
N 5 10, Females: 94 6 15 m/day, N 5 7).

Summer movements varied between site, sex,
and an interaction effect of site and SVL (site
F2,17 5 10.523, P , 0.001; sex F1,17 5 9.616, P ,
0.01; site 3 SVL F2,17 5 9.214, P , 0.005). Snakes
from North River moved shorter average
distances than snakes from South River and
RJER (RJER: 72 6 11 m/day, N 5 6, South
River: 71 6 6.3 m/day, N 5 8, North River: 56 6
7.5 m/day, N 5 9), and males outdistanced
females (Males: 73 6 5.4, N 5 13, Females: 56 6
7.4, N 5 10). At North River, larger bodied
snakes moved further distances than smaller
bodied snakes (North River r7 5 0.80, P , 0.01),
whereas at South River and RJER, body size was
not related to distances moved.

In the fall, when distances moved for all
snakes declined sharply, we found a difference
in distances moved between sites and an
interaction between site and sex (site F2,13 5
4.381, P , 0.05; site 3 sex F2,13 5 3.851, P ,
0.05). Snakes at RJER moved the shortest
average distances of the three sites (RJER: 8.6
6 1.7 m/day, N 5 5, South River: 28 6 8.0 m/
day, N 5 5, North River: 22 6 3.7 m/day, N 5
9). Males from South River dramatically outdis-
tanced females, whereas differences between
the sexes were minimal at the other two sites
(RJER males: 7.0 6 2.0 m/day, N 5 2, RJER
females: 9.7 6 2.7 m/day, N 5 3, South River
males: 40.7 6 5.5 m/day, N 5 3, South River
females: 11.0 6 5.0 m/day, N 5 2, North River
males: 24 6 5.1 m/day, N 5 6, North River
females: 20 6 5.5 m/day, N 5 3).

Frequency of Movement.—The chance an indi-
vidual moved was greatest during the spring

FIG. 3. Scatter-plots of minimum convex polygon
(MCP) home-range size versus body size (snout–vent
length) for the three sampled sites (North River: N 5
9, South River: N 5 9, and RJER: N 5 6). The
relationship of home-range size to body size is
reversed between North River and RJER sites.

TABLE 2. Number of movements (% of total) for all
Coachwhips combined by site and distributed by
movement category. Movements or distances moved
were measured in meters per day.

Movement category North River South River RJER

0–100 m 270 (81) 234 (64) 165 (70)
101–200 m 45 (14) 82 (23) 50 (21)
201–300 m 11 (3) 26 (7) 9 (4)
. 300 m 7 (2) 23 (6) 11 (5)
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and summer, dropping sharply in the fall (F2,55

5 24.102, P , 0.001, spring: 0.76 6 0.03, N 5 17,
summer: 0.75 6 0.03, N 5 23, fall: 0.46 6 0.05, N
5 18). In spring, snakes at RJER moved more
frequently than did snakes from the South River
and North River sites (RJER: 0.83 6 0.04, N 5 6,
South River: 0.77 6 0.04, N 5 5, North River:
0.69 6 0.07, N 5 6, site F2,11 5 4.84, P , 0.05). In
the summer and the fall, proportional move-
ment was similar across sites, sexes, and body
size.

Movement Path Tortuosity.—We found differ-
ences in the fractal dimension, or structure of
the movement path between sites, sex, and an
interaction between site and sex (site F2,18 5
24.979, P , 0.0001; sex F1,18 5 6.905, P , 0.05;
and site 3 sex F2,18 5 4.964, P , 0.05). Snakes
from North River generated a more convoluted
movement path (1.39 6 0.03, N 5 9) than snakes
from South River (1.26 6 0.01, N 5 9) or RJER
(1.23 6 0.03, N 5 6). In addition, females at
North River (1.49 6 0.05, N 5 3) had more
convoluted paths than males (1.33 6 0.02, N 5
6), but sexes did not differ in movement paths at
the other sites.

Home-Range Overlap.—We found the extent of
home-range overlap varied by site and an
interaction effect of site 3 SVL (site F2,18 5
7.523, P , 0.005; site 3 SVL F2,18 5 6.705, P ,
0.01). Snakes from South River had 40% (0.89 6
0.03, N 5 9) and snakes from North River 32%
(0.81 6 0.1, N 5 9) greater overlap than snakes
from RJER (0.49 6 0.14, N 5 6). Home-range
overlap was much greater for larger bodied
snakes relative to smaller bodied snakes at RJER
(r4 5 0.96, P , 0.005) while equivalent across
SVL for South River and North River.

Prey and Snake Capture Rates.—In 2002 and
2003, we trapped 5,670 trap-nights across the
three sites. Capture rates for Coachwhips
increased with decreasing fragment size (Ta-
ble 3; Kruskal-Wallis test: x2

2,121 5 6.382, P ,
0.05). At North River, we captured Coachwhips
10 times more frequently than at RJER and at
South River 3 times more frequently than at
RJER. Small mammals and lizards had similar

abundances and community composition
among sites (Table 3). We found no difference
in lizard (Kruskal-Wallis test: x2

2,121 5 1.945, P
. 0.05) capture rates and a slight decrease in
small mammal capture rates at North River
(x2

2,121 5 6.263, P , 0.05). The snake community
varied little in composition among North River
and South River (same three snake species at
both sites) but substantially between the two
TRNERR sites and RJER (nine snake species
present at RJER; MJM, unpubl. data). Finally,
capture rates of snake species other than
the Coachwhip were greatest at RJER, follow-
ed by North River, and then South River
(Table 2; x2

2,121 5 26.059, P , 0.001).

DISCUSSION

Our data reveal evidence of great plasticity in
the space-use behavior of Coachwhips in
fragmented habitats. Collectively, results from
all three sites suggest Coachwhips adjusted
their space-use behavior in a stepwise manner
to changes in fragment size. As habitat frag-
ments decreased in size and increased in
isolation, snakes tolerated more crowded con-
ditions, reduced home-range size, and increased
home-range overlap. The smaller home ranges
and increased overlap are consistent with
expectations for nonterritorial animals exhibit-
ing a fusion response to habitat fragmentation
(Ims et al., 1993; Andreassen et al., 1998). This
response, also termed a crowding effect by
Lovejoy et al. (1986), predicts snakes in smaller
fragments will tolerate less space and greater
overlap as intraspecific competition for resourc-
es intensifies with a decrease in fragment size.

Snakes in the large contiguous natural land-
scape at RJER maintained home-range sizes and
movement patterns similar to other free-rang-
ing, unbounded populations of Coachwhips.
Here, snakes maintained home ranges among
the largest ever reported for snake species
(Macartney et al., 1988) while consistently
shifting their centers of activity throughout the
field season. This wide-ranging space-use has

TABLE 3. Sampling effort, defined as the number of nights sampled and mean (6 SE) number of traps
sampled per night, and mean (6 SE) capture rate per 80 trap-nights for Coachwhips, snakes other than
Coachwhips, small mammals (i.e., mice of the Heteromyidae and Muridae families), and lizards by site,
summed across 2002 and 2003 field seasons.

Site
Nights

sampled
Traps

sampled Coachwhips

Snakes
other than

Coachwhips
Small

mammals Lizards

North River 42 16.0 6 0.0 1.8 6 0.5 2.4 6 0.6 10.4 6 1.4 5.6 6 1.2
South River 36 61.3 6 2.4 0.6 6 0.1 0.6 6 0.1 12.3 6 0.9 6.2 6 1.2
RJER 44 63.4 6 1.5 0.2 6 0.1 3.8 6 0.5 12.6 6 0.8 4.7 6 0.5
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been reported across most of the Coachwhip’s
geographic range: southern California (U.S.),
the Mojave Desert (Secor and Nagy, 1994; Secor,
1995), eastern Texas (M. Keck, pers. comm.),
and north-central Florida (Dodd and Barichi-
vich, 2007). This consistency in space-use
among populations from different geographic
regions suggests widely foraging behavior is a
common feature of Coachwhip biology and
possibly reflects an ancestral condition resulting
from strong selective pressure for efficient
exploitation of patchy, ephemeral resources
characteristic of the desert environment where
this species first evolved (Ortenburger, 1928;
Wilson, 1970).

At South River, the larger of the two habitat
fragments, snakes tolerated an estimated tri-
pling in density, a fourfold reduction in average
home-range size and 40% greater home-range
overlap relative to RJER. With the amount of
useable habitat at South River approximately
one-tenth the total area used by snakes at RJER,
the fragment was large enough for ‘‘everyday’’
movement patterns to not be affected, yet too
small to allow longer distance, exploratory
movement. We found no real difference be-
tween South River and RJER populations in the
common space-use parameters reflecting most
daily movement processes. Average length of
movements was similar during the seasons of
greatest activity (i.e., spring and summer).
Difference in proportional movement was min-
imal and structure of the movement pathway
(i.e., directionality of movement) was equiva-
lent. Even though they occupied a much smaller
habitat fragment the snakes still exhibited the
basic components of Coachwhip movement
behavior prevalent in nonfragmented systems.
The large difference in home range between
sites was caused by an absence of longer
distance movement by the snakes at South
River. Longer distance, exploratory movement
was likely limited as a result of the smaller size
of the South River site. Multiple times during
the tracking season individuals moved to the
edge of the reserve only to return (unpubl.
data). These were likely attempts at long
distance movements that were aborted and
resulted in the snakes reusing areas of the home
range more intensively than RJER.

At North River, the smaller fragment, with a
total amount of useable habitat approximately
one-thirtieth the total area used by snakes at
RJER, all space-use behaviors were disrupted
relative to the other sites as snakes concentrated
their activity in a much reduced space. Here,
snakes tolerated an estimated 10-fold increase in
density, 12-fold reduction in home-range size,
and a 32% greater home-range overlap relative
to RJER. The consequence of the altered

movement patterns was a substantial reduction
in overall movement rate and increase in the
intensity of use of the areas within the home
range. Relative to RJER and South River, snakes
at North River moved less often during the
spring and summer and traveled shorter dis-
tances in the summer. Likely reflecting the
severe spatial limitations of the site and condi-
tions of increased crowding, snakes at North
River generated a more convoluted movement
pathway relative to individuals at the larger
South River and RJER.

Interestingly, at North River, larger snakes had
larger home-range sizes, whereas at RJER small-
er snakes had larger home ranges. It appears that
determinants of size-specific movement operat-
ing in these two systems are different. At the
North River site, it is possible that with increased
crowding there is strong selection to minimize
exploratory movement and maximize local for-
aging activity and thus efficiency. Snakes search-
ing for prey in areas recently used by conspecif-
ics may experience lower foraging success (Webb
and Shine, 1997). At high densities, prey avail-
ability may be low everywhere; thus, conserving
energy by moving less may be an effective
strategy. In addition, cannibalism has been
observed in Coachwhips and might explain less
movement in smaller snakes as they attempt to
avoid larger animals actively searching for prey
(Matos, 2004). At RJER the difference in home-
range size between larger and smaller bodied
snakes appears to result from smaller snakes
moving greater distances in the summer. We
found no difference in the frequency or direc-
tionality of movement, or distance of movement
in the spring and fall between snakes of different
body sizes. Because most reproductive activity
had ceased by the end of the spring season (pers.
obs.), we attribute this difference in the summer
to a difference in foraging behavior as younger
snakes search for novel food resources to exploit.

Differences in prey abundances across the
sites did not cause the changes in space use. The
capture rates and community composition of
small mammals and lizards, the principal prey
of Coachwhips, showed little variation among
sites. The differences in snake communities and
abundances between RJER and the North and
South River sites could depress the availability
of food resources through competition and,
thus, account for some of the behavioral
differences between RJER and the two TRNERR
sites. However, increased competition cannot
account for the observed differences in behavior
between North River and South River sites,
as North River maintained a greater density
of snakes. Furthermore, the close proximity
(,2 km) of the North River and South River
sites to each other suggests other external
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factors (e.g., predators and other competitors)
would be similar and not account for the
observed differences in behavior. Instead, the
single consistent and greatest difference be-
tween sites is their size, and substantial depar-
tures in space use behaviors are the results of
conditions of limited space present at these two
isolated sites.

The great plasticity we observed in space-use
behavior suggests Coachwhip snakes might be
resistant to the impacts of habitat fragmenta-
tion. Unfortunately, this is not the case. Coach-
whip populations are disappearing from frag-
mented landscapes throughout coastal southern
California and appear especially vulnerable to
the isolating effects of habitat fragmentation
(Case and Fisher, 2001; Mitrovich, 2006). Thus,
why are Coachwhip populations vulnerable?
We recognize two contrasting hypotheses that
explain why wide-ranging species suffer from a
greater extinction risk in fragmented habitats.
The first hypothesis (fixed-area hypothesis)
states that wide-ranging species decline in
fragmented landscapes because they have large
and relatively inflexible individual area require-
ments (Vos et al., 2001; Henle et al., 2004). The
second (edge exposure hypothesis) states wide-
ranging species, irrespective of population size,
are susceptible to the effects of habitat fragmen-
tation because their movement patterns leave
them most exposed to edge effects (Woodroffe
and Ginsburg, 1998). Our results show Coach-
whips do not have strict individual area
requirements. Thus, the ‘‘area effect’’ hypothe-
sis does not explain this species’ extinction from
fragmented landscapes. Instead, the edge expo-
sure hypothesis better explains the patterns of
regional Coachwhip population extinctions.
Like large carnivores, snakes in fragmented
habitats are exposed to numerous mortality
agents outside reserves. These include, common
carnivores (e.g., coyotes, skunks, foxes, feral
cats, and hawks) associated with urbanization
(Crooks, 2000; Unitt, 2004), humans (Klauber,
1972), and human activities, especially vehicular
traffic on roads (Seigel, 1986; Dodd et al., 1989;
Bernardino and Dalrymple 1992; Rosen and
Lowe 1994). As space-use behavior mediates the
frequency of contact with humans and edge-
adapted predators, edge effects are likely severe
for wide-ranging snake species.

Analysis of USGS monitoring data corrobo-
rates this hypothesis. In a landscape-scale study
conducted in southern California, site occupan-
cy of the Coachwhip was strongly correlated
with reduced levels of urban edge while
unrelated to the size of the sampled natural
area (Mitrovich, 2006). This susceptibility to
urban edge is consistent with the patterns
reflected in other vertebrates studied in south-

ern California (Case and Fisher, 2001; Laakko-
nen et al., 2001). In the present study, it is the
absence of urban edge that appears to partly
explain the ability of the snake populations to
persist on the small fragments. The surrounding
habitats and land-use practices appear to
effectively buffer or insularize Coachwhip pop-
ulations from edge-effects. At the North River,
radio-tracked snakes rarely used the surround-
ing subtidal salt marsh and manicured grounds
of the naval airfield. Similarly, at the South
River, the surrounding salt marsh, exposed
beaches, dense riparian habitat, and areas
adversely affected by sedimentation from trib-
utaries of the Tijuana River (Fig. 1) effectively
buffered the snakes from regular contact with
urban areas.

Our research suggests Coachwhip declines in
southern California are not explained solely by
patch size and represent an exception to the
hypothesis that negative responses to habitat
fragmentation are driven largely by habitat loss.
The incredibly high level of space-use plasticity
allows high densities of snakes to persist on
patches smaller than even a typical home range
in continuous habitat. For this species, we must
recognize and further investigate the role of
habitat configuration and, specifically, edge
effects on the viability of populations in reserves
surrounded by urban areas. Dodd and Barichi-
vich (2007) indicate large snakes require large
amounts of habitat for effective conservation
based primarily on their findings of large home
ranges. We agree entirely with their proposi-
tion, but note that larger areas reduce perimeter
to edge ratios and may reduce exposure rates to
hostile edges or matrix habitat. In addition, and
in agreement with Rosenzweig (2003), our work
indicates smaller patches of habitat, if appro-
priately buffered to reduce emigration and edge
effects, may support viable populations of large
snakes. Ultimately, if most large-bodied species
show space-use plasticity and ‘‘edge-exposure’’
is a common cause of decline, then limiting
contact with human activity and edge-adapted
predators will likely reduce extinction rates in
fragmented systems. In these cases, the combi-
nation of maximizing reserve size and minimiz-
ing edge effects may allow for continued
persistence.
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